The concentrations of 25 plasma proteins were measured in 22 patients with membranous nephropathy. For some large proteins, the plasma concentrations were increased; there were also large proteins with low plasma concentrations, but small or medium-sized proteins showed uniformly lower plasma concentration than the controls. Plasma colloid osmotic pressure () and viscosity () were not interrelated but showed positive and significant correlations with plasma concentrations of small and medium-sized proteins () and plasma concentrations of large proteins (), respectively. Nephrotic plasma is not efficient in maintaining plasma but highly efficient in maintaining plasma . High plasma fibrinogen concentrations and low antithrombin III concentrations may predispose to thrombosis, and low IgG concentrations may account for the higher predisposition to bacterial infection. The relative composition of nephrotic plasma is heavily dependent on the size of the different proteins. Plasma and are also maintained by the relative preponderance of different plasma proteins. Although extremely complex, nephrotic syndrome may be described as the combination of proteinuria, edema, hypoalbuminemia, and hyperlipoproteinemia. The filtration of individual proteins through normal glomerular basement membranes depends on their size and charge, and is roughly 0% at 70 kDa and 100% at Ͻ10 kDa [1] . Proteins that cross this membrane are absorbed and catabolized in tubular cells or excreted with the urine [2, 3] . In nephrotic syndrome, the function of this barrier is severely disrupted and small, medium-sized, and even very large proteins are massively lost into urine, thereby causing changes in the plasma composition [2, 4] . However, the nature of most of the plasma protein abnormalities has not previously been considered in a homogeneous group of patients. The assessment of individual proteins may be useful for understanding their mutual relations, for designing potential treatment protocols, and for determining the pathophysiological consequences of proteinuria, such as the response of the liver to the altered plasma composition. Little else is known about this response except that it is quantitatively important and rapid [5] . Likewise, little is known about the role of other tissues, but their role cannot be discarded. The synthesis of some proteins increases while for others it stays the same or even decreases. For most proteins the rate of synthesis remains undetermined [4 -11]. What triggers this hepatic response is not known, but several different authors have suggested that it might be hypoalbuminemia, with the consequent decrease in low plasma colloid osmotic pressure () or low plasma viscosity () [12] [13] [14] [15] [16] . However, the signal is probably complex and multifactorial. In the present study, we have attempted to determine the plasma protein composition in untreated nephrotic syndrome patients who had normal renal functions and no confusing metabolic disorders. We have also explored the possible effect of albumin and nonalbumin proteins on plasma and .
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Patients and Methods study subjects and samples
The procedures followed were in accordance with the ethical standards of the Hospital de Sant Joan. Of the 84 patients with biopsy-proved membranous nephropathy in our follow-up protocols [9, 17] , active since 1986, we selected 22 patients with creatinine clearance Ն75 mL/ min ⅐ 1.73 m 2 , urinary protein excretion Ն3.5 g/24 h, and plasma albumin concentration Ͻ31 g/L. For purposes of comparison, we also studied 22 healthy normolipemic controls matched for sex, age (within 5 years), and weight (within 6 kg). A complete clinical and laboratory evaluation of patients and controls was performed, including the plasma determination of C-reactive protein, rheumatoid factor, circulating antinuclear antibodies, and immunoelectrophoresis. We had no knowledge of immunosupressive treatment, recent infectious complications, or signs of inflammation. None had a systemic illness, liver disease, obesity, thyroid dysfunction, diabetes mellitus, or abused alcohol. To avoid possible misinterpretations, patients had been free of any medication during the 3 months before sampling except for furosemide, calcium-channel antagonists, or both. After an overnight fast, blood was drawn from all patients and controls into tubes containing either EDTA or citrate. Plasma was separated without delay by centrifugation at 4°C and immediately processed or stored at Ϫ70°C without subsequent thawing until the assay. Patients and controls were also instructed to collect 24-h urine in sterile containers.
lipoprotein fractionation
Plasma was subjected to sequential preparative ultracentrifugation as previously described [18] . VLDL were isolated at a density of Ͻ1.006 kg/L, IDL between 1.006 and 1.019 kg/L, and LDL between 1.019 and 1.063 kg/L. The cholesterol and triglyceride measured in the infranatant liquid of this last spin were considered to represent HDL [9] . Plasma lipoprotein(a) was measured as described [17] .
protein quantification
Plasma apoproteins (apo) AI, AII, B, CII, CIII, and E were measured as described [9] . We used either a Monarch 2000 (Instrumentation Laboratory, Milan, Italy) or a Hitachi 704 (Boehringer Mannheim, Mannheim, Germany) automated analyzer for turbidimetric measurements, and reagents from BioKit (immunoglobulins G, A, and M, C-reactive protein, rheumatoid factor; Barcelona, Spain), Orion (transferrin, haptoglobin, complement C3 and C4; Espoo, Finland), Ape associates (␣ 2 -macroglobulin, ceruloplasmin; Ghislenghien, Belgium), and Boehringer Mannheim (␣ 1 -microglobulin, antithrombin III). Ferritin was measured as described [19] . For nephelometric measurements (fibrinogen, ␣ 1 -antitrypsin, hemopexin, orosomucoid, transthyretin) we used an Array 360 nephelometer (Beckman Instruments, Brea, CA), with reagents supplied by the manufacturer and Behring (Marburg, Germany). We prepared our own reference material for the measurement of apoproteins and we used the standard WHO 1STIS 80/602 for the measurement of ferritin and the reference international calibrator CRM 470 for the other proteins measured. To study the analytical variables we used control specimens provided by the Generalitat de 
plasma measurement
Plasma was measured in a Wescor 4400 colloid osmometer (Wescor, Logan, UT). The instrument contains two chambers, the sample chamber and the saline-filled reference chamber, separated by a semipermeable membrane that has a molecular mass cutoff of 30 kDa. A transducer measures the increase in hydrostatic pressure in the sample chamber at equilibrium. The instrument was calibrated with a water manometer and the of the control material provided by the manufacturer. We found an intra-and interassay CV of Ͻ1% and 3.1%, respectively.
According to accepted recommendations [20] , blood for measuring plasma was obtained in a separate tube and centrifuged at 1500g for 5 min. Then, the plasma was immediately pipetted off under sterile conditions. Analyses were performed within 24 h in a Brookfield digital rheometer, Model DV-III (Brookfield, Stoughton, MA), at 37°C and shear rates of 150, 200, 250, 350, and 450 s Ϫ1 .
Rheocalc
® software was used to analyze the data and the value assigned to plasma was the mean of the measurements performed. The intra-and interassay CVs were 1.9% and 3.8%, respectively.
other laboratory procedures
Total protein, albumin, creatinine, cholesterol, and triglyceride were measured in plasma, isolated lipoprotein fractions, or urine as described [21] . The selectivity of protein excretion was determined in 24-h urine specimens as reported by Stierle et al. [22] .
statistical analyses
Values are expressed as mean (SD) or median. Data were initially analyzed with Snedecor's F-test of homogeneity of variances. Differences between groups were then assessed with the Student t-test or the Mann-Whitney U-test following the indications of the F-test. Levels of P Յ0.05 were considered statistically significant.
Correlations were determined by linear regression analysis. Stepwise multiple regression and nonlinear regression analyses were performed, with either plasma or as the dependent variable, to assess the interrelations among variables. We used graphic methods to assess goodness of distributional fit and the appropriateness of gaussian assumptions regarding the errors of measurement in the model [23] .
Results

clinical data and lipoproteins
Patients were statistically indistinguishable from controls as far as sex, age, and body mass index were concerned. In contrast to controls, nephrotic patients showed lower plasma and (Table 1) . No differences were observed in the variables measured between males and females or between those taking antihypertensives, and no subgroups were considered. Nephrotic patients showed hypercholesterolemia, hypertriglyceridemia, and high concentrations of lipoprotein(a) compared with controls. There was no difference in HDL cholesterol and triglyceride between nephrotic patients (1.43 Ϯ 0.32 mmol/L and 0.21 Ϯ 0.11 mmol/L, respectively) and controls In nephrotics, but not in controls, plasma albumin concentration was positively correlated with plasma (r ϭ 0.681, P ϭ 0.009) and inversely correlated with plasma (r ϭ Ϫ0.514, P ϭ 0.024) and the 24-h urinary protein (r ϭ Ϫ0.530, P ϭ 0.017). Plasma cholesterol was inversely correlated with plasma albumin (r ϭ Ϫ0.524, P ϭ 0.013) and positively correlated with plasma (r ϭ 0.733, P Ͻ 0.0001). This correlation was also significant for LDL cholesterol and LDL apo B. Other lipoprotein fractions and the plasma triglyceride concentration were not significantly correlated with plasma or . Likewise, plasma and were not correlated.
plasma protein composition
The plasma concentration of 25 proteins is shown in Table  2 , which quantitatively represents most of the plasma protein composition (101.7% Ϯ 6.4% in nephrotics and 102.1% Ϯ 5.7% in controls). Ranges for the control subjects may be divergent from previously published data, which is probably due to the different distribution in age and gender and the reference material used as the target. The relative abundance of albumin is much lower in nephrotic patients than in controls (36% vs 57%); fibrinogen and ␣ 2 -macroglobulin increased most with respect to controls. Except for six proteins (apoproteins AI and CII, IgM, transthyretin, C-reactive protein, and ferritin), the differences in the mean plasma concentration of the selected proteins were statistically significant. Some proteins (n ϭ 9) showed a significant increase in mean plasma concentration in nephrotics, and their molecular masses (actual or bound to lipoproteins) were higher than that of albumin in all cases. In contrast, with the exception of transthyretin, the plasma concentration of those proteins with similar or lower molecular mass than albumin (transferrin, ␣ 1 -antitrypsin, orosomucoid, hemopexin, and antithrombin III) was significantly lower in nephrotic patients than in controls. There were also proteins with high molecular mass (IgG, complement C3, and apo AII) that showed lower values in nephrotics than in controls (Table  2 ). In controls, there was no significant correlation among the proteins measured and plasma albumin concentration. However, in nephrotics, there were positive (Fig. 1 , n ϭ 5) and negative (Fig. 2 , n ϭ 6) correlations and there was a significant degree of autocorrelation among them. Again, those proteins showing positive correlations have a similar or lower molecular mass than albumin, and those with negative correlations have a higher molecular mass than albumin. Except for ␣ 2 -macroglobulin (r ϭ Ϫ0.455, P ϭ 0.033), no correlation was found among proteins whose molecular mass was higher than albumin and plasma . The proteins in Fig. 1 with similar or lower molecular masses than albumin all showed significant and positive correlations with plasma . However, for plasma these proteins did not show significant correlations except for antithrombin III, which was negative (r ϭ Ϫ0.565, P ϭ 0.012). All the proteins shown in Fig. 2 also had significant but positive correlations with plasma . The exceptions (i.e., ␣ 2 -macroglobulin and antithrombin III) could be explained in terms of shape rather than molecular mass. Moreover, there is a significant shift in the average molecular mass of plasma proteins. Those proteins with molecular mass Ͼ80 kDa, excluding apoproteins, represent 31% of the total protein in control plasma (22.7 g/L, roughly half of the plasma albumin concentration) and 52% in nephrotics (27.3 g/L, or 8 g/L higher than plasma albumin concentration).
plasma
The relation between plasma and plasma protein concentration (qualitatively identical if plotted against plasma albumin) is shown in Fig. 3 . There was no overlapping between controls and nephrotics. Individual values are shown together with lines prepared according to the normogram described by Nitta et al. [24] , representing solutions of pure albumin, pure globulin, and a 50% mixture of each (panel A). The data points in controls fall above the line relating plasma and the mixture of albumin and globulin, whereas in nephrotics they mostly fall below it. The nephrotic plasma is also much less effective than the control plasma in supporting plasma in terms of per gram of plasma protein (panel B). In the multiple stepwise linear regression analysis, only plasma albumin and total nonalbumin concentrations were selected as being the most significantly related to plasma . No other individual protein significantly added to the fit of the model. The obtained model to predict plasma did not differ much from another published one [25] except for the values of ␣ and ␤ coefficients and our lower multiple correlation coefficients (71.1% vs 99.5% in controls and 69.4% vs 97.2% in nephrotics):
For the controls, ␣ was negative (Ϫ0.12) and for nephrotics it was positive (ϩ0.09), indicating that in controls a higher concentration of nonalbumin proteins may decrease plasma , but in nephrotics, these proteins play a role in its maintenance. The ␤ coefficients were positive both in controls (ϩ0.32) and nephrotics (ϩ0.22). However, this model cannot replace direct measurement of plasma because, although predictive, it was not accurate and the prediction errors, albeit in the gaussian distribution, were between Ϫ8 and ϩ 10 mmHg. Surprisingly, this model was not better than one that had been previously described [26] , which was derived from rats and based on total protein concentration only. 
Although nephrotic patients showed lower values of plasma than controls, there is a clear overlapping of the individual values (Fig. 4, panel A) , and the nephrotic plasma is more effective in generating plasma per gram of protein (panel B). Therefore, the altered plasma composition has a positive effect on supporting plasma . The multiple stepwise linear regression analysis showed that only plasma albumin and total protein concentrations were significantly related to plasma but with a multiple correlation coefficient of 48.5%. Surprisingly, plasma fibrinogen did not add significance to the model. We did not find better nonlinear prediction models for plasma . 
Discussion plasma protein composition
Despite the exceptions noted, the size of the protein seems to be highly determinant in the relative composition of nephrotic plasma, a concept that is reinforced by the Fig. 3 . Relation between plasma and plasma protein concentration.
(A) Relation in nephrotic patients (F) and controls (•). Lines a and b represent the predicted relation for a solution of pure albumin and pure globulin, respectively. The broken line represents the relation for a solution of a mixture of 50% albumin and 50% globulin [24] . (B) Relation found for a serially diluted pool (n ϭ 12) of control (c) and nephrotic plasmas (n). correlations among these proteins and the plasma albumin concentration. Albumin is the only protein that has been extensively investigated in nephrotic syndrome. The amount of albumin lost daily in the urine of nephrotic patients is usually lower than the normal daily hepatic synthesis of albumin, and thus albuminuria is a necessary but not sufficient contributor to the development of hypoalbuminemia. Therefore, either an increase in the catabolism or an insufficient increase in the synthetic rate of albumin has been proposed [27, 28] . According to our data, similar reasoning should be applied to a number of proteins of similar or lower molecular masses that are low in nephrotic plasma in roughly the same proportion and that show significant interrelations. This might also explain why urinary protein losses correlate with the plasma albumin concentration, but only rather crudely. In nephrotic plasma, the relative abundance of albumin is substituted by a predominant presence of proteins of higher molecular mass (and radius) than albumin. Some of these proteins show an inverse relation; the lower the plasma albumin concentration, the higher their concentration. These proteins are obviously restricted from passing into the glomerular ultrafiltrate, and although even very large proteins may be found in urine, their daily urinary excretion is usually a small percentage of the total plasma protein pool [29, 30] . This could explain the increased plasma concentration of these proteins in nephrotic patients but not the significant inverse correlations found. Metabolic derangements, increased synthesis, or delayed catabolism, already described for apo B [9, 31] , might be explanations of this finding. There is much evidence to suggest that the signal (or signals) for these metabolic alterations is low plasma and (or) low plasma [15, 32, 33] , although a minor but distinct contribution by proteinuria per se cannot be discarded [16, 34] .
plasma and
Plasma and plasma appear to be maintained in nephrotic plasma by different proteins. Plasma and are not interrelated but may be predicted from total plasma protein and albumin concentrations, suggesting a relation that is dependent on the relative abundance of albumin and nonalbumin proteins. Nephrotic plasma is not efficient at maintaining plasma , which is mostly correlated with the plasma concentration of proteins with similar or lower molecular mass than albumin. In contrast, nephrotic plasma with high concentrations of large and very large proteins is highly efficient at maintaining plasma . Low plasma is invariably seen in overt nephrotic syndrome, but we confirm data from Appel et al. [12] that plasma in nephrotic patients may be normal or even high. This finding has been used as an argument against the proposed role of low plasma in generating a metabolic response. In our opinion, this argument cannot be sustained because one may presume that a final metabolic balance is reached in the overt nephrotic syndrome after a variable length of time. In the initial stages, conceivably there is no increase in the plasma concentration of large proteins and therefore low plasma values can be predicted.
nephrotic hyperlipidemia
Nephrotic hyperlipidemia occurs as a result of both increased hepatic synthesis and decreased lipoprotein clearance, although the relative contribution of each and the actual molecular mechanism are controversial. The influence of low plasma in the generation of nephrotic hyperlipidemia seems to be firmly established [13, 14] , but there is little evidence as regards low plasma . In contrast to Appel et al. [12] , we found no correlation between plasma and plasma cholesterol but we did find a strong and positive correlation between plasma and plasma cholesterol and consequently LDL cholesterol and LDL apo B. The discrepancy may be well explained because we used plasma instead of serum, thus introducing the influence of plasma fibrinogen in these measurements. However, this cannot reinforce the idea that low plasma is a mediator of enhanced lipoprotein production because if this were the case, an inverse correlation would be expected. Moreover, there is a marked hyperlipidemia in nephrotic patients and plasma apoproteins represent 7.4% of the total amount of proteins (vs 4.5% in controls), factors that could make some contribution to the plasma . Although controversial, nephrotic hyperlidemia may increase the likelihood of atherosclerosis [35] , but the protein alterations described, especially the high plasma concentrations of fibrinogen [36] and the low antithrombin III concentrations [37] , definitely predispose to thrombosis.
hepatic response
The fact that the main metabolic response is mediated by the liver may be exemplified by analyzing plasma immunoglobulin concentration. Plasma immunoglobulins represent 21.8% of total plasma protein in controls, a similar figure to the one found in nephrotics (22.5%), quantitatively second only to liver-derived proteins. Plasma IgG significantly decreases as a consequence of urinary losses because of the absence of any counterregulatory response in the form of increased IgG synthesis [28, 38, 39] , and this may account for a higher predisposition to bacterial infection [40] . IgM plasma concentrations were normal and IgA concentrations were higher than in controls, which probably reflects the immunologic basis of the renal disease [41] . We should recognize, however, that we have selected the two extremes, healthy controls and overt nephrotic syndrome, but there are many cases with evolving nephrotic syndrome in which the hepatic response and the consequences in plasma may be different.
In summary, our findings indicate that the plasma protein abnormalities found in nephrotic syndrome are responsible for changes in plasma and in close dependence on the molecular mass of the proteins considered, small and Clinical Chemistry 43, No. 7, 1997 medium-sized proteins influencing plasma and large or very large proteins, including lipoproteins, influencing plasma . All this is indicative of complex and nonuniform hepatic responses to albuminuria that should be further investigated.
